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Evolution of Japanese Flagship Systems
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- Before the K computer, it was a system designed for a specific domain.
- The K computer was the first system designed to cover various fields of science and engineering, and
collaboration between application scientists and system designers (Co-design) became more important.
- Co-design facilitates:
« Sharing Technical and/or Political Constraints
« Finding the Optimal Compromise

- Early Launch of Application Science



K computer: Dawn of Co-design
Maximizing Scientific Outcomes

In the K computer R&D Project, a co-design process was
implemented, in which the development of strategic applications in

“life sciences” and ‘“materials science” proceeded in parallel with

system development.
Gordon-Bell prizes as a remarkable outcome:
« 2011: "First-principles calculations of electron states of a
silicon nanowire with 100,000 atoms on the K computer”

e 2012: "4.45 Pflops astrophysical N-body simulation on K

computer -- The gravitational trillion-body problem"

Co-design accelerates performance in real-world applications and scientific discovery
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Co-design in Fugaku Development: Goals, Implementation, and Achievements

Table 6.1: priority issues and their target applications
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NOTE: The absence of power-saving features is referred to as Normal Mode

Figure 6.1: social and scientific priority issues to be tackled by using supercomputer Fugaku

Achievements:

- Up to 100x improvement in application performance
compared to the K computer.

« Reduced power consumption(-7%) by incentivizing
user cooperation for energy-efficient operation

https://www.r-ccs.riken.jp/assets/uploads/2022/03/fs2020-report-e.pdf
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FugakuNEXT project status
e T Ccomputer | Fugaku | FugakuNext

Launch Sep. 2012 Mar. 2021 2030
System type CPU CPU CPU+GPU
Peak power consumption(HPL) 12.7MW 29.9MW <40MW
Average power 10MW 17MW TBD
Water cooling ratio 70%(CPU/NIC) 90%(CPU/MEM/NIC) >95%(CPU/GPU/MEM/NIC/PSU)
PUE 1.3-1.4 1.3-1.35 <1.1
FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031
Fugaku Fugaku Operation
Feasibility Study FugakuNEXT FugakuNEXT FugakuNEXT FugakuNEXT
FugakuNEXT Project (Basic Design) (Detailed Design) (Deployment) Operation
_— Spec & Design and construction of New Computer
New Computer Building Contractor new computer building Building Operation
= . Phase-2< machine> Ph -3 Ph -4 H H
FugakuNEXT Testbed Phg;(;"}sglec ((::Isugltzlrld) Medium-Sc‘:I:SCIusI::er System;:vsifh Similar ase Project website
(Total 200GPUs) (Total 2000+GPUs) Architecture to FugakuNEXT FugakuNEXT
** Overview of FugakuNEXT System Architecture +* Road to Achieving up to 100x Application Performance
Scale-out network e — T
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CPU-GPU interconnect (NVLink-C2C) Hardware Perf. 'S 10.6PFLOPS ===l 442.0PFLOPS Up to 6x > 2.6EFLOPS
N (FP64/Mem. BW) 5.64PB/s 163 PB/s >800PB/s
* NVIDIA GPU m Led by RIKEN Led by RIKEN
« High-perf. vector and matrix units S_oftware I?erf. } 1 ADPIOX. 3X 3 Up to 20x Up to 60
«Considering advanced 3D stacking memory (incl. algorithm (Baseline: "K” computer) p
Compute Node Compute Node advancement)
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% % «multi-GPU interconnect via NVLink, either within a node or « Emulation of FP64 (e.qg., Ozaki scheme) }(Z-BX)
across nodes -~
> 600
= L Hg:rg:llvg?fl:‘gsl;erf. Unsupported JL_New EFzL-gPS Up to 300x EFLOPS
Exploring different scale-up network domain sizes Vendor contributions Ith IS Sparslt

FugakuNEXT basic design technical report: https://www.r-ccs.riken.ip/fugaku-next/fugak\unext basicdesign-technicalreport_en.pdf
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Strategy: Energy-Efficiency/Carbon-neutrality

- Warm-water DLC cooling and chiller-less cooling system to reduce energy for cooling
« There aren't strict restrictions on water consumption.

Outgoing: 32°C
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- Automatically sets the optimal power settings for the jobs to reduce energy to solution
- Analyze the job history data to identify the optimal power settings
- Procure electricity directly from the market and operate in a way that responds to price
fluctuations to reduce the cost of electricity (and carbon footprint)
- The job scheduler controls the mix of jobs (power-consuming jobs and not) in response to
the price.
» An incentive program will serve to strike a balance between user needs and energy-efficient
operations.
-Heat-Reuse to reduce carbon footprint
- It’s not easy for us to find heat consumers around our center.

These will be evaluated in the operation of the FugkauNEXT testbeds
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® Fugaku equips the power knobs,
functions for power-saving

Retention Mode

Stop Unused

CPU ] CPU [ CPU ]
[ CPU CPE\_][ CPU [ CPU ]

Boost Mode

Retention Made

Stop Unused
Cores

Eco Mode

Stop one FPU

NOTE: The absence of power-saving features is referred to as Normal Mode

actual power saving

Incentivizing user cooperation for energy-efficient operation
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e “Fugaku point” to quantify the user
cooperation for power saving by user
jobs
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e Users can earn points
when their jobs runsé
with less power
consumption than the
standard.
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Actual Power Consumption
and Energy-efficiency Improvement

Baseline

e Users can redeem the points to run their jobs

with higher priority.

Normal Priority

Job-queue (basically FCFS*)
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* Kirst-Come, First-Served



Result in FY2023 (April 2023 — March 2024) Qi

FY2023 1H FY2023 2H +/-
April-September October-March

# of projects earned Fugaku point 170 +5.6%
Average of Fugaku point per project 248,303 320,692 +29.2%
Average power consumption per node(W) 97.69 94.07 -3.7% -6.86% for FY2022
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*  Fugaku point program encouraged users’ awareness for

power saving.
* Average power consumption per node is significantly

reduced.
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Next step: Did the program contribute to reduce energy to solution?
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Fugaku CPU/HBM2 Annual Failure Rates
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 |tlooks it hasn‘t reached the bottom of the
bathtub curve yet

Annual Failure Rates of Fugaku
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Fugaku SSD/HDD Annual Falure Rates

——NVMe SSD(Tier 1, 1.6TB) -—HDD(Tier 2,14TB)
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The rates are general and acceptable. It is
rising but has not yet reached a critical level.
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P, Lessons Learned om

®Hardware
e CPU, Memory seems to be OK, but storage must be serious
e A procurement and operational plan to replace storage every five years is realistic
e Secure replacement parts before they are discontinued
o ex. Optical cables
@ software
e A careful OS upgrade plan consistent with roadmap of the distributions

o OS must be kept newer for security vulnerabilities and tool updated frequently (ex. PyTorch ->
MPI1/UCX(,CUDA) -> OFED(,GPU driver) -> Linux kernel)

o Does not rely on software that would prevent OS upgrades

® The operation period should be fixed in advance
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